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COMPOSITE STRUCTURING PANEL FOR
THE TRAILING EDGE OF AN AIRCRAFT
ELEMENT

TECHNICAL FIELD

The present invention relates to a composite structuring,
panel for a trailing edge of an element of an aircratt.

The mvention also relates to an aircraft element including
such a panel.

BACKGROUND

Composite panels are panels frequently used 1n aerospace
since with them the aircrait may be considerably lightened.

Certain aircrait portions require structuring panels ensur-
ing good mechanical strength. Mention may most particu-
larly be made of the trailing edges, such as those of airplane
control surfaces.

Composite structuring panels of the sandwich type are
currently used, comprising a structure with a cellular core put
between an internal skin and an outer skin.

Typically, the imternal skin and the external skin each con-
s1st of one or more fiber folds pre-impregnated with resin
which 1s then polymerized during a baking step.

Other methods used dry fiber folds, 1.e. not pre-impreg-
nated with resin, the resin being applied later on during a
baking step during which 1t 1s forced by suction to diffuse
between the fiber folds.

A composite sandwich panel may also comprise several
central layers, of the same type or of different types, the
central layers may themselves be separated by a composite
material layer.

The central layers may for example be of the cellular, foam
type or further comprise one or more meltable inserts.

Composite sandwich panels using a honeycomb or foam
core, for example, contribute to reducing the mass of the
objects while retaining or enhancing their mechanical prop-
erties.

However, this type of panel 1s generally not suitable for
making trailing edges.

Indeed, the trailing edges have a very small radius of cur-
vature which 1s difficult to obtain with a composite sandwich
panel.

Moreover, 1t 1s important to have aecrodynamic continuity
as perfect as possible 1n order not to have an impact on the
performances of the aircratit.

Further, there exists a need for simplified manufacturing of
a structuring composite panel having a trailing edge.

BRIEF SUMMARY

The 1invention provides such a panel having good aerody-
namic continuity.

It may also be desirable to limit at most buckling of the
skins of the panel by guaranteeing good tlexural and torsional
rigidity.

to the mnvention provides a panel allowing limitation of the
buckling of the skins and enhancing the structural mechanical
strength, while being simple to make.

For this purpose, according to a first aspect, the invention
provides a composite structuring panel of a trailing edge for
an element of an aircraft having:

an upper surface;

a lower surface:

an edge connecting said upper and lower surfaces;
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2

characterized 1n that the upper surface and the lower sur-
face are connected through transverse stifleners and in that
the structuring panel comprises a single one-piece part form-
ing the upper surface, the lower surface, the edge as well as
the transverse stifieners.

With the panel of the present 1nvention, it 1s possible to
have excellent aerodynamic continuity at the trailing edge.
Indeed, the panel of the mvention 1s formed with a single
one-piece part. No junction between panels 1s required, such
a junction would have an impact on the aerodynamic perfor-
mance.

Further, the presence of transverse stifieners ensures excel-
lent structural strength in spite of the very small radius of
curvature at the edge of the panel.

Finally, as the panel i1s entirely made in a single one-piece
part, the manufacturing of the latter 1s highly simplified.
Indeed, 1t 1s no longer necessary to assemble and to attach the
different elements forming the structuring panel.

Preferentially, the skin forming said panel includes a plu-
rality of folds, one or more interior folds of which form the
transverse stiffeners with which 1t 1s possible to obtain a
composite structuring panel which 1s highly resistant for
absorbing a substantially transverse impact at the upper or
lower surface.

Advantageously, at least one longitudinal spar 1s posi-
tioned so that the guiding axis of each longitudinal spar and
the guiding axis of the transverse stiffeners are not colinear
and the structuring panel comprises a one-piece part forming
the upper surface, the lower surface, the trailling edge, the
transverse stiffeners and the longitudinal spar(s).

By “guiding axis™ 1s meant the axis guiding a spar or a
transverse stiffener along the largest dimension of the latter.

By the presence of one or more longitudinal spars posi-
tioned substantially perpendicularly to the transverse stiffen-
ers, buckling of the upper and lower skins may be limited and
the structural mechanical strength of the panel of the mnven-
tion may be enhanced 1n two directions substantially perpen-
dicular to the panel of the invention. Further, the panel of the
invention being entirely made as one piece, exhibits a con-
struction which 1s simple to achieve.

Preferentially, the guiding axis of each longitudinal spar
and the guiding axis of the transverse stiffeners are substan-
tially perpendicular.

Preferentially, at least one longitudinal spar 1s positioned
between two transverse stiffeners which allows local rein-
forcement of the structural strength of the panel of the mven-
tion.

Preferentially, the skin forming said panel includes a plu-
rality of folds, one or more interior folds of which form the
longitudinal spar(s).

Advantageously, the panel of the invention 1includes rein-
forcement folds between the interior folds, which allows rein-
forcement of the longitudinal spar(s) and/or the transverse
stiffeners.

In a second aspect, the invention provides a method for
manufacturing a panel according to the mvention character-
1zed 1n that 1t includes:

a first step (A) mm which cores are deposited each sur-
rounded at least partly with a draping skin, on a base skin
over a suitable length of the latter 1n order to allow the
base skin to be folded over itself;

a second step (B) during which the base skin 1s folded over
the draped cores;

a third step (C) i which the thereby obtained panel 1s
polymerized so as to integrate the folds of the draping
into the base skin 1n order to form the transverse stiffen-
ers; and

a fourth step (D) 1n which the cores are removed 1n order to

obtain the structuring panel.
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Preferentially, the cores have a decreasing height along the
length of said cores with which an excellent aerodynamic
profile of the structuring panel may be obtained.

Advantageously, each core 1s draped by a draping skin of
the monolithic type having a plurality of folds with which 1t 1s
possible to obtain good melting among the different elements
making up the panel of the invention.

Advantageously, the method for manufacturing a panel of
the 1nvention includes:

a first step (A) 1n which first cores and at least one second
core are deposited, each surrounded at least partly by a
draping skin over a base skin, along two non-colinear
directions, so that said base skin may be folded over
itself:

a second step (B) 1n which the base skin 1s folded over the
first and second draped cores;

a third step (C) in which the thereby obtained panel 1s
polymerized so as to integrate the folds of the draping
into the base skin in order to form the transverse stitfen-

ers and the longitudinal spar(s); and

a fourth step (D) in which the first cores and the second
core(s) are removed 1n order to obtain the structuring
panel.

Preferentially, the second core(s) has(have) a decreasing,
height along the cross-section of said cores with which the
panel of the mvention may have a good acrodynamic line.

Preferentially, each first and second cores are draped with
a draping skin of the monolithic type exhibiting a plurality of
folds.

Preferentially, in step A, first cores are positioned before
the trailing edge so as to form a space between the trailing

edge and the first cores, a space 1n which one or more second
cores substantially parallel to the trailing edge are installed.

According to another aspect, the mvention provides an
aircraft element including at least one structuring panel
according to the invention or obtained according to a method
of the mvention.

Preferentially, the element of the mvention 1s an airplane
control surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further understood upon reading the
non-limiting description which follows, made with reference
to the figures appended herein.

FIG. 1 1s a perspective view of a panel according to a first
embodiment of the present invention,

FI1G. 2 1s an enlarged front view of the embodiment of FIG.
1, and

FIGS. 3 to 5 are perspective views of the method for manu-
facturing a panel of FIG. 1;

FIG. 6 1s a perspective view of a panel according to a
second embodiment of the present invention;

FIG. 7 1s a perspective bottom view of an alternative
embodiment of the panel of FIG. 6.

DETAILED DESCRIPTION

The panel 1 of the invention 1includes an upper surface 3, a
lower surface 5 and an edge 7 connecting the upper 3 and
lower 5 surfaces. The panel 1 of the invention defines a
trailing edge 7 directly obtained during the baking of the
panel 1 of the invention which simplifies the manufacturing of
the latter.
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The upper surface 3 and the lower surface 5 are connected
through transverse stiffeners 9 itegrated to the latter.

In other words, 1n a first embodiment of the present inven-
tion 1llustrated 1n FIG. 1, the panel of the invention 1 com-
prises a single one-piece part forming the upper surface 3, the
lower surface 5, the edge 7 as well as the transverse stifieners
9.

In a second embodiment of the present invention illustrated
in FIGS. 6 and 7, the upper surface 3 and the lower surface 5
are connected through transverse stiffeners 9 as well as
through at least one or several longitudinal spars 10, said
stiffeners 9 and said spar(s) 10 being integrated to the latter.

In this second embodiment, at least one longitudinal spar
10 1s positioned so that the guiding axis A, of each longitu-
dinal spar 10 and the guiding axis A, of the transverse stifl-
eners 9 are not colinear. Thus advantageously, the panel of the
invention 1 has very good structural strength along two non-
parallel directions.

Preferentially, the guiding axis A,, of each longitudinal
spar 10 and the guiding axis A, of the transverse stitteners 9
are substantially perpendicular.

By <<longitudinal>> 1s meant a direction substantially
colinear to the guiding axis 8 of the trailing edge 7. As 1llus-
trated 1n FIGS. 6 and 7, the guiding axis 8 of the trailing edge
may be substantially colinear with the guiding axis A, of
cach longitudinal spar 10 and/or substantially perpendicular
to the guiding axis A, of the transverse stitfeners 9.

According to an alternative not shown, the guiding axis A,
of the transverse stiffeners 9 may be non-colinear with the
guiding axis 8 of the trailing edge without being perpendicu-
lar to the latter. Also, the guiding axis A, of each longitudinal
spar 10 may be non-colinear with the guiding axis 8 of the

trailing edge and also non-colinear with the guiding axis A, of
the transverse stiffeners 9.

By <<transverse>> 1s meant a direction substantially per-
pendicular to the planes formed by the upper surface 3 and the
lower surface 3.

The longitudinal spar(s) 10 1s(are) typically placed at the
end of the transverse stiffeners 9 facing the trailing edge 7. To
do this, the transverse stiffeners 9 are placed at a non-zero
distance from the trailing edge 7.

The panel 1 of the mnvention may thus include a single
longitudinal spar or on the contrary a plurality of longitudinal
spars. The use of a plurality of spars 10, notably placed
between two transverse stiffeners 9 (see FIG. 7) allows local
limitation of any buckling of the panel 1 of the invention. Said
spar 10 then has a length at most equal to the distance between
both transverse stitleners 9 along the guiding axis 8.

Typically, the length of a longitudinal spar 10 along the
guiding axis A, of the latter may assume any value less than
or equal to the length of the panel 1 of the invention. In the
case when the longitudinal spar 10 does not have 1ts guiding
axis A,, substantially parallel to the guiding axis 8 of the
trailing edge, the length of said spar 10 may be greater than
the length of the panel 1 of the invention without said spar 10
jutting out from said panel 1.

Also, thelength of a transverse stiffener 9 along the guiding
axis A, of the later may assume any value less than or equal to
the width of the panel 1 of the invention. In the case when the
transverse stiffener 9 does not have 1its guiding axis A, sub-
stantially perpendicular to the guiding axis 8 of the trailing
edge, the length of said stiffener 9 may be greater than the
width of the panel 1 of the invention without said stiffener 9
jutting out from said panel 1.

Moreover, 1n this second embodiment, the panel of the
invention 1 comprises a single one-piece part forming the
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upper surface 3, the lower surface 35, the edge 7 as well as the
transverse stiffeners 9 and the spar(s) 10.

In both embodiments of FIGS. 1, 6 and 7, the panel 1 of the

invention comprises a single monolithic skin.

The monolithic skin may be made 1n any type of suitable
tabrics or fibers known to one skilled 1n the art which may be
impregnated with epoxy resin or another resin. For this pur-
pose, mention may be made of carbon, glass or Kevlar®

fibers.

Advantageously, the single monolithic skin 1s formed with
a plurality of folds 18 merged together via a polymernizable
resin, such as epoxy resin, positioned between the folds 18.

More specifically, the upper portion 15 of the skin forming
the upper surface 3 and the lower portion 17 of the skin
forming the lower surface 5 may comprise a plurality of folds
18, the interior folds 19, 21 positioned towards the interior of
the panel 1 may extend continuously along said panel 1 from

one cross-section as far as a second cross-section.
In the first embodiment of FIGS. 1 and 2, the fact that the
transverse stiffeners 9 consist of folds 18 gives the possibility
of obtaining a highly resistant structuring panel 1 for absorb-
ing an impact substantially transverse to the upper 3 or lower
5 surface.
In the second embodiment of FIGS. 6 and 7, the fact that
the transverse stiffeners 9 and the spar(s) 10 consist of folds
18 gives the possibility of also obtaining a highly resistant
composite structuring panel 1 for absorbing an impact sub-
stantially transverse to the upper 3 or lower 5 surtace.
Indeed, the panel 1 of the mvention 1s advantageously
mechanically reinforced along two non-colinear directions,
notably substantially perpendicular, relatively to the plane
tormed by the panel 1 of the invention.
As 1llustrated 1n FI1G. 2, the interior folds 19 may extend
continuously from the lower portion 17, cross the panel 1
substantially perpendicularly to the lower surface 5 by form-
ing a portion of the folds of a transverse stiffener 9 or of a spar
10 if necessary and before extending at the upper surface 3
again along the cross-section.
The same applies for the other interior folds 21 of the other
cross-section.
Thus, depending on the embodiment of the panel, either the
transverse stiffener 9 or the transverse stiffener 9 and the
spar(s) 10 are formed by the mterior folds 19 and 21 from the
cross-sections.
Of course, the folds 18 used 1n each of the embodiments of
panels may be of i1dentical or different nature depending on
the sought properties.
As a nature of conventionally used folds, mention may be
made 1.a. of glass fibers, carbon fibers and Kevlar fibers.
In the case when the folds 19, 21 involved 1n the reinforce-
ments would not have by themselves sufficient strength or
would have to be reinforced, 1t 1s notably possible to sew the
totality or part of these folds 19, 21 together. It 1s also possible
to 1nsert between the folds 19, 21, reinforcement folds, such
as carbon fibers folds for example which may be present
depending on the embodiment of the panel, either in the
transverse stiffeners 9 or 1n the transverse stiffeners 9 and/or
in the spar(s) 10.
Further, according to the invention, the panel 1 of the
invention 1s obtained by a manufacturing method including:
a first step A 1n which cores 11 are deposited, each sur-
rounded at least partially by a draping skin 15, on a base
skin 13 over a suitable length of the latter so as to allow
the base skin 13 to be folded over itself (FIG. 3);

a second step B 1n which the base skin 13 1s folded over the
draped cores 11 (FIG. 4);
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a third step C 1n which the thereby obtained panel 1s poly-
merized so as to integrate the folds of the draping into the
base skin 13 so as to form the transverse stiffeners 9; and

a Tourth step D 1n which the cores 11 are removed in order
to obtain the structuring panel (see FIG. 5).

Subsequently, the expressions <<surrounded at least
partly>> and <<draped>> are synonyms. Thus, the term of
<<draping>>designates the fact of surrounding a core at least
partly.

Moreover, 1n an alternative embodiment, the panel 1 of the
invention 1s obtained by the manufacturing method including:

a first step (A) i which first cores 11 and at least one
second core 12 are deposited, each surrounded at least
partly by a draping skin 15, over abase skin 13 along two
non-colinear directions A, , and A, notably over a length
and over a width of said base skin 13, respectively, so
that the latter may be folded over 1tself (see FIG. 4);

a second step B 1n which the base skin 13 1s folded over the
first 11 and second 12 draped cores (FIG. 5);

a third step C 1n which the thereby obtained panel 1s poly-
merized so as to imtegrate the folds of the draping into the
base skin 13 so as to form the transverse stiffeners 9 and
the spar(s) 10; and

a fourth step D 1n which the first cores 11 and the second
core(s) 12 are removed 1n order to obtain the structuring
panel (see FIG. 6).

By means of the method of the invention, 1t 1s possible to
adjust the number of folds between two transverse stiffeners
9 and also at the spar(s) 10, if necessary. It 1s then possible to
optimize the mass of the panel 1 of the invention while guar-
anteeing significant longitudinal and transverse stifiness.

Further, by means of the method of the invention, the panel
1 1s formed with a single part by melting the base skin 13
folded over itselfl and the skin of the draping.

Further, the method gives the possibility of introducing the
desired number of stiffeners and of spar(s) iI necessary,
according to the sought structural strength by increasing or
decreasing the number of cores or the dimensions of the latter.

Further, according to the embodiment of the panel, the
method does not impose any constraint for the positioning of
the stiffeners and that of the spar(s) 1f necessary. They are
placed so as to improve their structural utility.

More particularly, in step A, the first cores 11 are each
surrounded at least partially by a draping skin 15 on the side
edges of said cores 11.

The second core(s) 12 are each surrounded at least partially
by a draping skin 135 on at least one portion of a longitudinal
side of said cores 12.

The cores 11 used 1n the first embodiment of the panel or
the first cores 11 and the second core(s) 12 used 1n the second
embodiment of the panel have a suitable shape so as to form
the transverse stiffeners 9 as well as the spar(s) 10, 11 neces-
sary. To do this, they typically have a cross-section of a
substantially triangular, rectangular, square, or even trapezoi-
dal shape.

Typically, first cores 11 allowing formation of the trans-
verse stiffeners 9 are positioned before the edge 7 so as to
form a space 1n which second core(s) 12 are installed parallel
to the edge 7 allowing formation of the spar(s) 10 (see FIG. 4)
in order to stop the stiffeners according to the sought
mechanical characteristics (see FIG. 3). In this way, the struc-
turing panel 1 may have an excellent acrodynamic profile.

Advantageously, the cores 11 have a height which
decreases along the length of said cores 11 so as to follow the
small radius of curvature of the edge 7.

Further, 1n the second embodiment of the panel, the second
core(s) 12 has(have) a cross-section with a decreasing height
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on the cross-section of said core(s) 12 so as to follow the small
radius of curvature of the edge 7. In this way, the structuring
panel 1 may have an excellent acrodynamic profile.

Advantageously, 1n the first embodiment of the panel, the
cores 11 are placed on the base skin 13 over a suitable length
ol the latter so as to allow the base skin 13 to be folded over
itself. Thus, the cores 11 may be placed over a distance less
than half of the length of said skin 13 so that it 1s possible to
have an upper surface 3 with a length substantially equal to
that of the lower surface 5.

In the second embodiment of the panel, the first 11 and
second 12 cores are the ones which are placed on the base skin
13 over a suitable length of the latter so that the base skin 13
may be folded over itself. Thus, the first 11 and second 12
cores may be placed over a distance less than half the length
ol said skin 13 so that i1t 1s possible to have an upper surface 3
with a length substantially equal to that of the lower surface 5.

Draping 1s typically carried out before laying the cores 11
on the base skin 13 or the first 11 and second 12 cores on the
base skin 13. Draping 1s then achieved with a draping skin of
the monolithic type 15 having a plurality of folds, for example
two or three folds 1n order to obtain optimum draping. Typi-
cally, the draping skin 15 includes a number of folds less than
that of the base skin 13.

The base skin 13 may comprise a number of folds greater
than 2, equal to 3, to 5 or more.

The draping skin 15 may comprise a number of folds
greater than 2, equal to 3, to 5 or more.

The folds of the base skin 13 and of the draping skin 15 are
impregnated with polymerizable resin such as epoxy resin.

In step B, the base skin 13 1s folded over itself by any means
known to one skilled 1n the art so as to form an edge 7, an
upper surface 3 and a lower surface 5.

Typically, the polymenzation of step C 1s achieved by
heating to a baking temperature. The baking temperature
depends on the type of resin used for making the one-piece
panel 1 of the invention. As an example, if the base 13 and/or
draping 135 skin 1s/are made with epoxy resin, the baking
temperature 1s comprised between 60° C. and 200° C.

This step 1s typically carried out in an autoclave or any
heating means.

Typically, the base skin 13 and the draping skin 15 com-
prise folds based on fibers such as glass fibers, carbon fibers
and Kevlar fibers, such fibers being impregnated with poly-
merizable resin during the baking of the material.

In step D, according to the embodiment of the panel, the
thereby formed cores 11 or first cores 11 and second core(s)
12 of the panel are removed by any means known to one
skilled 1n the art, notably by extractors handled manually or
automatically. Removal of the cores 1s typically achieved
along a direction substantially colinear to the direction
assumed by the transversal stiffeners 9 or the spar(s) 10, 1f
necessary.

Thepanel 1 of the invention may advantageously be used in
an element of an aircrait such as an airplane control surface.

The mvention claimed 1s:

1. A composite structuring panel of a trailing edge for an

clement of an aircraft having:

an upper surface;

a lower surface;

a trailing edge connecting said upper and lower surfaces,
wherein the upper surface and the lower surface are
connected through transverse stiffeners and the structur-
ing panel comprises a one-piece part forming the upper
surface the lower surface, the trailing edge as well as the
transverse stiffeners:
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wherein skin forming said panel includes a plurality of
folds, one or more interior folds of which form the
transverse stiffeners:

wherein the totality or part of the plurality of folds are sewn

together.

2. The panel according claim 1, wherein at least one lon-
gitudinal spar 1s positioned so that a guiding axis of each
longitudinal spar and a gmiding axis of the transverse stifien-
ers are not colinear and the structuring panel comprises a
one-piece part forming the upper surface, the lower surface,
the trailing edge, the transverse stiffeners and the longitudinal
spar(s).

3. The panel according to claim 2, wherein the guiding axis
of each longitudinal spar and the gmding axis of the trans-
verse stiffeners are substantially perpendicular.

4. The panel according claim 2, wherein at least one lon-
gitudinal spar 1s positioned between two transverse stitleners.

5. The panel according to claim 2, wherein skin forming

said panel includes a plurality of folds, one or more mterior
folds of which form the longitudinal spar(s).

6. The panel according to claim 1, further comprising rein-
forcement folds between the interior folds.

7. A method for manufacturing a panel according to claim
1, comprising;:

a first step in which cores are deposited, each surrounded at
least partially by a draping skin, on a base skin over a
suitable length of the latter so as to allow the base skin to
be folded over itself;

a second step wherein the base skin 1s folded over the
draped cores;

a third step wherein the thereby obtained panel 1s polymer-
1zed so as to integrate the folds of the draping into the
base skin for forming the transverse stiffeners; and

a fourth step wherein the cores are removed 1n order to
obtain the structuring panel.

8. The method according to claim 7, wherein the cores have

a decreasing height along a length of said cores.

9. The method according to claim 7 wherein each core 1s
draped by a draping skin of the monolithic type having a
plurality of folds.

10. The method according to claim 7, further comprising:

a 1irst step wherein the first cores and at least one second
core are deposited, each surrounded at least partly by a
draping skin on a base skin along two non-collinear
directions so that said base skin may be folded on itself;

a second step wherein the base skin 1s folded on the first and
second draped cores;

a third step wherein the thereby obtained panel 1s polymer-
1zed so as to integrate the folds of the draping into the
base skin 1n order to form the transverse stiffeners and
the longitudinal spar(s); and

a Tourth step wherein the first cores and the second core(s)
are removed 1 order to obtain the structuring panel.

11. The method according to claim 10, wherein the second
core(s) have a decreasing height following a cross-section of
said cores.

12. The method according to claim 10, wherein each first
and second cores are draped by a draping skin of the mono-
lithic type having a plurality of folds.

13. The method according to claim 7, wherein in step A, the
first cores are positioned before the trailing edge so as to form
a space between the trailing edge and the first cores, a space 1n
which one or several second cores substantially parallel to the
trailing edge are installed.

14. An element of an aircraft including at least one struc-
turing panel obtained according to claim 7.
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15. The element according to claim 14 being an airplane
control surface.

16. An element of an aircrait including at least one struc-
turing panel according to claim 1.

17. The element according to claim 16 being an airplane 5
control surface.
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